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© A composita polymeric matariai comprising vinyl chloride and organosilicon moieties and a method for the preparation 
thereof. 

@ A composite polymeric material having a high permeabil- 
ity to oxygen is proposed comprising a vinyl chloride moiety, 
an organosilicon moiety and, optionally, a third polymeric 
moiety. Such a composite polymeric material can be prepared 
in several ways including copolymerization of vinyl chloride 
monomer, a polymerizable organosilicon compound and, 
optionally, a third monomer, graft-polymerization of a poly- 
merizable organosilicon compound on to a polyvinyl chloride 
resin, graft-polymerization of vinyl chloride on to an organo- 
polysiloxane, graft-copolymerization of vinyl chloride and a 
polymerizable organosilicon compound onto a third polymer 
and blending of the respective polymeric components. 
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A COMPOSITE POLYMERIC MATERIAL COMPRISING VINYL CHLORIDE 
AND ORGANOSILICON MOIETIES AND A METHOD 
FOR THE PREPARATION THEREOF 

BACKGROUND OF THE INVENTION 
The present invention relates to a composite polymeric 
material comprising vinyl- chloride and organosilicon moie- 
ties in combination and a method for the preparation there- 
of. More particularly, the invention relates to a composite 
polymeric material comprising vinyl chloride and organosili- 
con moieties in combination having a high gas permeability 
or, in particular, high oxygen permeability but' yet free 
from. the problem of bleeding of the plasticizer contained 
therein and a method for the preparation of such a composite 
polymeric material. 

In recent years, as is. well known, there is a rapidly 
growing demand for gas- or oxygen-permeable polymeric mate- 
rials. Such a material is used, for example, in the blood 
transfusion or solution infusion and blood purifying unit of 
an artificial blood dialysis and an artificial heart-and- 
lung system for surgical operations including blood and so- 
lution bags and catheters, contact lenses and. other medical 
instruments. Some of fresh foods must be stored under an at- 
mospheric condition in a package rich in the oxygen content 
since otherwise the still living tissues of plants or ani- 
mals of the foods rapidly decay in an atmosRhere lean in the 
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oxygen content during storage so that the material of the 
package should desirably be highly oxygen-permeable. 

Needless to say, oxygen permeability of various poly- 
meric materials widely differs from one to the other. For 
example, low-density polyethylenes reportedly have a rela- 
tively high oxygen permeability of 190 ml.mm/m 2 -atm.24 hours 
while high-density polyethylenes have an oxygen permeabili- 
ty of only 27 in the same unit. Poly vinylidene chloride res- 
ins are known to have a further small oxygen permeability. 
At any rate, the oxygen permeability of these polymeric ma- 
terials is quite insufficient as an oxygen-permeable poly- 
meric material usable, for example, for the gas or material 
exchange membrane for blood purification. 



Polyvinyl chloride resins, on the other hand, are known 
to have an outstandingly high oxygen permeability when the 
resin is plasticized with a large amount of a plasticizer. 
For example, it is reported that a polyvinyl chloride resin 

20 plasticized with 55 phr (parts per 100 parts of the resin) 
of dioctyl phthalate plasticizer has an oxygen permeability 
of as high as 309 in the same unit as above. Unfortunately, 
such a highly plasticized polyvinyl chloride resin cannot be 
used in most applications due to the safety problem despite 

25 the excellent physical and chemical properties inherent to 
polyvinyl chloride resins. That is, the plasticizer impreg- 
nating the polyvinyl chloride resin bleeds on the surface of 
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the resin article unavoidably contaminating the substances 
in contact with the plasticized polyvinyl chloride resin 
while plasticizers are generally toxic against living bodies 
as is the serious concern in recent years. Therefore, the 
use of a plasticized polyvinyl chloride resin in the above 
mentioned medical applications and as a material for food 
package is quite out of question. Beside the plasticized 
polyvinyl chloride resins, several highly oxygen-permeable 
polymeric materials are known in the art but none of them is 
sufficiently inexpensive to ensure wide application thereof 
in a practical use. 

It is of course that the decrease in the amount of the 
plasticizer formulation in a polyvinyl chloride resin blend 
leads to the decrease in the danger of contamination with 
the plasticizer. This way is, however, not practical because 
the oxygen permeability of a plasticized polyvinyl chloride 
resin rapidly decreases as the amount of the plasticizer is 
decreased reaching, for example, an extremely low value of 
only 2.9 in the same unit as above in an unplasticized poly- 
vinyl chloride resin in addition to the loss of the flexibi- 
lity possessed by a polyvinyl chloride resin when it is 
plasticized. 

Several attempts have been made, of course, to solve 
this problem, for example, by the use of a polymeric plasti- 
cizer having less tendency toward bleeding and migration or 
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less toxicity or by the techniques of copolytnerization of 
vinyl chloride with one or more comonomers having a plasti- 
cizing effect in the copolymeric resin increasing the oxygen 
permeability of the resin. For example, a terpolymeric resin 
of vinyl chloride, ethylene and vinyl acetate is sold on the 
market as an oxygen-permeable polymer but the oxygen permea- 
bility of one of the commercially available resins of this 
type is 191 in the same unit as above not to be high enough 
to satisfy the demand in the practicl uses. The results ob- 
tained by using a polymeric plasticizer is also not better 
than above. 



Thus, no polymeric material is known in the prior art 
to meet the diversified requirements in the medical science 
15 and foodstuff industry in connection with the oxygen permea- 
bility and the problem of plasticizer bleeding. 



SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
provide a novel polymeric material having a high oxygen per- 
meability and freed from the above described problems and 
disadvantages in the conventional oxygen-permeable polymeric 
materials of prior art. 



25 



Another object of the invention is to provide a novel 
polymeric material based on vinyl chloride or polyvinyl 
chloride having a high oxygen permeability even without a 
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formulation of a plasticizer to exceed the oxygen permea- 
bility of plasticized polyvinyl chloride resins. 

Thus, the vinyl chloride-based composite polymeric ma- 
terial of the invention having a high oxygen permeability 
comprises a combination of: 

(a) from 50 to 99 parts by weight of a vinyl chloride moie- 
ty; and 

(b) from 1 to 50 parts by weight of an organosilicon cr, in 
particular, organopolysiloxane moiety. 

It is optional that the polymeric material as a cocbi- 
nation of the components (a) and (b) further comprises (c) 
third polymeric moiety in combination in an amount up zc 50 
% by weight of the total amount of the components (a) arid 
(b). 

It should be noted that there can be several ways in 
which the above mentioned components (a), (b) and, optional 
ly f (c) are combined together to form the oxygen-permeable 
polymeric material of the invention as described below for 
the exemplification of the embodiments. 

(1) Vinyl chloride monomer and an organosilicon compound, 
which may be an organosilane or an organopolysiloxane, "hav- 
ing at least one ethylenically unsaturated polymerizable 
group, e.g. vinyl group, bonded to the silicon atom in a 
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molecule are copolymerized in the specified proportion to 
give, respectively, the vinyl chloride moiety and the orga- 
nosilicon moiety in the resultant copolymer. The copolymer- 
ization may be performed with addition of a third monomer 
which should give the third polymeric moiety (c) in the co- 
polymer. 

(2) A graft polymerization of an organosilicon compound 
having at least one ethylenically unsaturated polymerizable 
group bonded to the silicon atom in a molecule is performed 
to provide the organosilicon moiety grafted to a polyvinyl 
chloride as the vinyl chloride moiety in the resultant graft 
copolymer. One or more of third monomers other than the 
above mentioned organosilicon compounds and vinyl chloride 
may pertain to the graft copolymerization to provide the 
third polymeric moiety (c) in the resultant graft copolymer. 

(3) Graft polymerization is performed with vinyl chloride 
monomer and an organosilicon compound having at least one 
ethylenically unsaturated polymerizable group bonded to the 
silicon atom in a molecule simultaneously or successively to 
provide the vinyl chloride moiety and the organosilicon moi- 
ety, respectively, on to a polymer which constitutes the 
third polymeric moiety (c) in the resultant graft copolymer. 
In this case, the third polymeric moiety (c) is an indis- 
pensable component in the inventive polymeric material. 
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(U) Vinyl chloride, monomer is graft-polymerized on to an 
organopolysiloxane to provide the vinyl chloride moiety and 
the prganosiloxane moiety, respectively, in the resultant 
graft copolymer. One or more of third/ monomers other than 
5 vinyl chloride and unsaturation-containing organosilicon 

compounds may pertain to the graft polymerization to provide 
the third polymeric moiety (c) in the inventive polymeric 
material* 

(5) A polyvinyl chloride resin and an organopolysiloxane 
are blended to provide the vinyl chloride moiety and the or- 
ganosiloxane moiety, respectively, in the resultant polymer 
blend as the inventive polymeric material. If desired, a 
third polymeric material other than polyvinyl chloride res- 
ins and organopolysiloxanes may be blended together to pro- 
vide a ternary polymer blend. It is of course optional that 
the copolymer or graft copolymer obtained in the above de- 
scribed embodiments (1) to. (H) is. further blended with a 
third polymeric material to provide the third polymeric moi- 
ety (c) in the resultant polymer blend. 

(6) Either one of the polymeric materials described in (1) 
to (4) above or a copolymer of an organopolysiloxane moiety 
and a third polymeric moiety is further blended with a poly- 

25 vinyl chloride resin. 
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The thus prepared polymeric material of the invention 
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has a high oxygen permeability along with improved perme- 
abilities to several other gases such as carbon dioxide, 
hydrogen, water vapor, nitrogen and the like so that the 
inventive material is useful in a diversity of applications 
in which permeation of one or more of specific gases is 
desired. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the following, the preparation of the oxygen-perme- 
able polymeric materials of the invention is described in 
detail in the procedures (1) to (6) given above. 

In the above described procedures (1) to (3) for the 
preparation of the inventive composite polymeric material, 
copolymerization or graft polymerization is performed of an 
organosilicon compound having at least one ethylenically un- 
saturated linkage per molecule with vinyl chloride monomer 
or on to a polyvinyl chloride or a third polymeric material. 
Such an organosilicon compound may be an organosilane or an 
organopolysiloxane compound and exemplary of such an organo- 
silicon compound are those expressed by the following names 
or formulas (S-1) to (S-48), in which the symbols Me, Et, 
Pr, Ph, Vi and Ip each denote a methyl group -CH 3 , ethyl 
group -C 2 H 5 , propyl group -C^, phenyl group -C^, vinyl 
group -CH=CH 2 and isopropenyl group -CMe=CH 2 , respectively: 

(S - 1 ) ; I p-CO-0-C- -S i ( -0-S iMe 0 ) - ; 



- 9 - 0131911 

(S-2) : .Ip-CO-0-C 5 H 6 -Si(-0-SiMe 3 )2-0- 

-Si(-0-SiMe 3 ) 2 -C 3 Hg-0-CO-I P } 
(S-3): Ip-CO-O-C^g-SiMeg-O-f-SiMeg-O-^^ . 

(S-l»): Vi-SiMe 2 -0-f-SiMe 2 -04i{y-SiMe 2 -Vij 
(S-5): Vi-SiMe 2 -0-SiMe 2 -Vi; 

(S-6) : Vi-SiMe 2 -0-fr-SiMe 2 -0 )^ QQ . ( -SiMeVi-0-^-SiMe 2 -Vi; 
(S-7.) : Vi-CO-0-CH 2 -SiMe 2 -0-SiMe 3 ; 

(S-8): Ip-.CO-0-CH 2 -CHOH-CH 2 -0-C 3 H 6 -Si(Me)(-0-SiMe 3 ) 2 ; 
(S-9): (Me 3 Si-0-) 3 Si-C 3 H 6 -0-CO-CH=CH-CO-0- 

-C 3 H 6 -Si(-0-SiMe 3 ) 3 ; 
(S-10): (Me 3 Si-0-) 3 Si-C 3 H 6 -0-CO-C(=CH 2 )-CH 2 - 

- CO-0-C 3 H 6 -S i( -0-SiMe 3 ) 3 ; 
(S-11): Q-Si[-f-0-SiMe 2 -^ 2 ^rO-SiMe 3 ] 3 , in which Q is a 

maleimido group; 
(S-12): Ip-CO-0-C 3 H 6 -SiMe 2 -O-SiMe 2 -CH 2 -CHMe-Ph; 
(S-13): Vi-CO-0-CH 2 -SiMe 2 -O-SiPh 3 5 
(S-14): Ip-C0-0-C 3 H 6 -4-SiMe 2 -0-^-SiMe 2 -Pr} 
(S-15): Vi-CH 2 -Si(-0-SiMe 3 ) 2 -0-SiMe 2 -0-SiMe 3 ; 
(S-16): Ip-C0-0-C 3 H 6 -Si[-^-0-SiMe 2 -4 F -0-SiMe 3 ] 3 ; 
(S-17): 1 ,3,5,7-Tetramethyl-1 ,3,5,7-tetravinyl cyclotetra- 

siloxanej 

(S-18): Vinyl tris( trimethylsiloxy) silanej 
(S-19): yi-CH 2 -.0-CH 2 -CHOH-CH 2 -0-C 3 H 6 -Si(-0-SiMe 3 ) 3 ; 
(S-20): HO-H3iMe 2 -0-^-^SiMeVi-0-^H, in which n is a 
positive integer large enough to give the compound 
a viscosity of about 25,000 centipoise at 25 OC; 
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(S-21): V i-S iMe 2 -0-4-S iMeg-O-^S iMe 2 -V i , in which m is a 

positive integer sufficiently large to give the com- 
pound a viscosity of about UOO-,000 centipoise at 25 
OC} 

(S-22): Vi-SiMe 2 -(M-SiMe 2 -0 )^ ( SiMePh-0^rSiMe 2 -Vi, in 
which p is a positive integer sufficiently large to 
give the compound a viscosity of about 200,000 
centipoise at 25 °C; 

(S-23): Vi-SiMe 2 -0-f-SiMe 2 -0-4^q-4-SiMeVi-0-^-5iMe 2 -Vi, in 
which q is a positive integer sufficiently large to 
give the compound a viscosity of about 20,000 centi- 
poise at 25 °C; 

(S-24): Ip-CO-0-CH 2 -SlMe 3 ; 

(S-25): Vi-CO-0-CH 2 -SiMe 2 -.0-SiMe 3 ; 

(S-26): Ip-CO-0-C 3 H 6 -SiMe 2 -0-SiMe 2 -C 2 H it -SiMe 3 J 

(S-27) J Vi-C0-0-C 2 H 1 j-f-SiMe 2 -0-4 2 ^SiMe 3 J 

(S-28): Vi-CO-0-C 2 H 4 -SiMe 2 -0-SiMe 2 -CH 2 -CHMe-Ph; 

(S-29): Vi-CO-0-C 2 H u -SiEtPh-0-SiEt 3 J 

(S-30): Ip-CO-0-C 3 H 6 -Sit-(-0-SiMe 2 -4^ 0 -0-SiMe 3 ] 3 ; 

(S-31): Ip-C0-0-C 3 H 6 -SiMe 2 -0-t-0-SiMe 2 -4 g Q-0-SiMe 3 ; 

(S-32 ) : Ip-C0-0-CH 2 -SiMe( -0-SiMe 3 ) 2 ; 

(S -3 3 ) : V i-C0-0-CH 2 -S i ( -0-S iMe 3 ) 2 ~0-S iMe 2 -0-S iMe 3 1 

(S-34): Ip-CO-0-CH 2 -CHMe-CH 2 -Si(-0-SiMe 3 ) 3 ; 

(S-35): Vi-CO-0-CMe 2 -CH=CH-Si(-0-SiMe 3 ) 3 ; 

(S-36): Ip-C0-0-^3— SiMe(-0-SiMe 3 ) 2 j 

(S-37): Vi-CO-0-CH 2 -^^-C 2 H 1 ,-SiMe 2 -0-SiMe 3 ; 

(S-38 ) : Ip-CO-NH-CH 2 -CHOH-CH 2 -0-C 3 H 6 -S i ( -0-SiMe 3 ) 3 ; 
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(S-39 ) : Ip-CO-O-CH 2 -CHOH-CH 2 -NHrC 3 H 6 -SiMe(-0r-SiMe 3 > 2 ; 
(S-40): Ip-C0-0-CH 2 -CH0H-CH 2 -NH-C 3 H & - 

-S i C -4-0-S iMe 2 i Me ) j 
(S-41): Ip-CO-0-CH 2 -CHOH-CH 2 -NH-C 3 H 6 -SiMe 2 -0- 

(S-H2) : (Me 3 Si-O-) 2 SiMe-C 3 Hg-O-C0-CH=CH-C0-0- 

-C 3 H 6 -SiMe(-0-SiMe 3 ) 2 ; 
(S-43) s CMe 3 Si-0-4-SiMe 2 -0-4^-) 3 Si-C 3 H 5 -NH- 

-C0-CHsCH-C0-NH-C 3 H 6 -Si(-4-0-SiMe 2 -^-SiMe 3 ) 3 ; 
(S-i|l|): Me 3 Si-0-SiMe 2 -C 3 H 6 -MH-CO-C( = CH 2 )-CH 2 - 

-CO-NH-C 3 H 6 -SiMe 2 -0-SiMe,; 
(S-45): Me 3 Si-CH 2 -0-C0-C(=CH 2 )-CH 2 -C0-0-CK 2 -SiMe 3 ; 
(S-H6) : (Me 3 Si-0-) 3 Si-C 3 Hg-0-CO-CH(=CH 2 )-CH 2 - 

-CO-0-C 3 H 6 -S i ( -OS iMe 3 ) ; 
(S-117): Q-C 2 H 1J -MH-C 3 H 6 -Si(-0-SiMe 3 ) 3 , in which Q is a 

maleimido group; and" 
(S-48): Q-CH 2 -SiMe 3 , in which Q has the meaning as defined 
above. 

In the above described embodiment (H) in which vinyl 
chloride monomer is graft-polymerized on to. a base polymer 
of organopolysiloxane, the organopolysiloxane suitable for 
the purpose is exemplified, in addition to the above given 
organopolysiloxanes, by the following compounds: 
(S-49)': Me 3 Si-0-4-SiMe 2 -0-^--SiMe 3 , in which r is. a positive 
integer sufficiently large to give the compound a 
viscosity of about 10 , 000. centistokes at 25 °C; 
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(S-50): Me 3 Si-(M-SiMe 2 -0 ) 50Q C SiHMe-0-^-SiMe 3 ; 
(S-51): Et-0-4-SiMe 2 -0->^-Et; 

(S-52): H0-C 2 H, } -O-C 3 H 6 -4-SiMe 2 -O-4j-SiMe 2 -C 3 H 6 -0-C 2 H 4 0H; 
(S-53) ; Me 3 Si-0-4-SiMe 2 -0 ) 2Q ■ SiMe-O-^-SiMeg} 

Lc_H,-0-CH,-CK— CH. 

3 6 2 v 2 • 

(S-5U): Me 3 Si-0-(-SiMe 2 - ) 30 ( £:Me-0-4ySiMe 3 ; 
(S-55): Me 3 Si-0-4-SiMe 2 -0-^-SJ!e 3 5 

(S-56) : 1 ,5-Dinethyl-1 ,1 , 3 ,3,5.5-hexaphenyltrisilcxane; and 
(S-57): Me 3 Si-0-4-SiMe 2 -0 k SiMe-O-jySiMe,. 

LcH 2 -CHMe-Ph 



Among the above exemplified polymerizable crganosiliccn 
compounds, particularly preferable compounds are classified 
into the following types (I) tc(IV). 

(I) An organosilicon compound represented by the general 

formula CH 2 =CR 1 -CO-R 2 -SiG 2 -^0-SiR 2 -^ r R 3 , in which R 1 is a 

hydrogen atom or an alkyl group having 1 to 3 carbon atoms, 
p 

R is a divalent organic group, G is a monovalent hydrocar- 
bon group having 1 to 20 carbon atoms or an organosiloxy 
group represented by the general formula -f— 0-SiBg -j-^- R , R 
is a monovalent hydrocarbon group having 1 to 20 carbon 
atoms or a trimethylsiloxy grow, R 3 is a raonovelent hydro- 
carbon group having 1 to 20 carbon atoms, a trimethylsiloxy 
group or a silyl-substituted etayl group represented by the 
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genera,! formula -CH^OHg-SiRg^O-Sil^^^R 3 and n.is zero 
or a positive integer not exceeding 1.00. 

(II) An organosilicon , compound ; represented by the general 
formula, ACH=CHA, which may be ;a cis or a trans isomer in re- 
spect of the steric configuration and in which A is a sili- 
con-containing group represented by the general formula 
-CO-R 2 -SiG 2 -^-0-SiR 2 -fj r R 3 , the symbols R, R 2 , R 3 , G and n 
each having the same meaning as defined above. 

(III) An organosilicon compound represented by the general 
formula CH^CA-Ci^-A,. in which the symbol A has the same 
meaning as defined above, 

(IV) A maleimido-containing organosilicon compound repre- ... , 
sented by the general formula 

Q-R 2 -SiG 2 -^0-SiR 2 -^R 3 ,» in which the symbols R, R 2 , R 3 , G 
and n each have the same meaning as defined above and Q is a 
maleimido group. 

When the composite polymeric material of the invention 
comprises the third polymeric moiety (c) in addition to the 
vinyl chloride and organosilicon moieties as in the above 
described combinations of the types (1), (2) and (4), such a 
third polymeric moiety should be obtained by the polymeriza- 
tion of a third monomer, which is exemplified by 0L-olefins, 
vinyl ethers, vinyl esters, acrylic esters, methacrylic 
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esters, maleic esters, fumaric esters, allyl esters, allyl 
ethers and the like. 

When the combination of the polymeric moieties (a), (b) 
and (c) is a type (3) or (5) described above, the third pol- 
ymeric moiety (c) should be an already-polymerized polymer 
which is exemplified by copolymers of ethylene and vinyl 
acetate, copolymers of ethylene, vinyl acetate and carbon 
monoxide, copolymers of vinyl chloride with vinyl acetate, 
ethylene, propylene and the like, copolymers of ethylene and 
an acrylic ester, vinyl chloride-based multicomponent poly- 
mers obtained, for example, by the graft polymerization of 
vinyl chloride on an ethylenic polymer, e.g. chlorinated 
polyethylene, and the like. 

The copolymerization and graft polymerization, to which 
one or more of the monomeric components, i.e. vinyl chlo- 
ride, the above described polymerizable organosilicon com- 
pounds and, optionally, one or more of the third monomers, 
pertain, is carried out by forming a mixture containing the 
same and subjecting the mixture to a free radical polymeri- 
zation in the presence of a free radical polymerization ini- 
tiator according to a conventional polymerization ' procedure 
such as suspension polymerization, emulsion polymerization, 
solution polymerization and bulk polymerization. The polym- 
erization initiator may be any one of known initiators or 
initiator systems including organic peroxides, azo compounds 
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and redox catalyst systems for polymerization. 

When the polymerization is performed in a procedure of 
suspension polymerization, for example, the vinyl chloride 
monomer and the polymerizable organosilicon compound are 
suspended in an aqueous medium with admixture of a suitable 
polymerization initiator, e.g. organic peroxide, and the 
polymerization is carried out at a temperature of 30 to 120 
°C for 1 to 30 hours. It is of course not essential that the 
polymerizable organosilicon compound and the optional third 
monomer are introduced into the polymerization mixture at 
one time before the start of the polymerization run but they 
can be introduced portion-wise or continuously up to a mo- 
tent when the conversion of the vinyl chloride monomer has 
reached several tens of %. 

The weight proportion of the vinyl chloride monomer and 
the polymerizable organosilicon compound in the above men- 
tioned copolymerization should be in such a range that from 
1 to 50 parts by weight of the polymerizable organosilicon 
compound are taken per 50 to 99 parts by weight of the vinyl 
chloride monomer. This is because no sufficiently high gas, 
e.g. oxygen, permeability is obtained when the amount of the 
polymerizable organosilicon compound is too small while the 
mechanical properties of the resultant copolymer are poor 
when an excessively large amount of the polymerizable orga- 
nosilicon compound is used. When a third monomer is used m 
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combination, the amount thereof should not exceed 50 parts 
by weight. 



10 



When the inventive composite polymeric material is a 
graft copolymer obtained by different combinations of a base 
polymer and a monomer to be grafted to the former, the pro- 
cedure for the graft copolymerization by use of a free radi- 
cal polymerization initiator is carried out according to a 
method well known in the art. When it is desired to carry 
out the graft polymerization of a polymerizable crganosili- 
con compound on to a polyvinyl chloride resin in a homogene- 
ous phase, the polyvinyl chloride resin is dissolved in a 
suitable organic solvent and a polymerization initiator, 
e.g. an organic peroxide, and the polymerizable organosili- 
15 con compound are dissolved in the solution which is heated 
to effect graft copolymerization of the organcsilicon com- 
pound on to the base polymer of polyvinyl chloride. When a 
heterogeneous phase reaction is undertaken, the polyvinyl 
chloride resin is soaked with the polymerizable organosili- 
20 con compound in a liquid form containing the polymerization 
initiator with or without a solvent and the blend is heated 
as such or after kneading in a suitable kneading machine. 
The graft copolymerization is carried out at a temperature 
of 30 to 120 oc for 1 to 30 hours. 
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When the inventive composite polymeric material is a 
graft copolymer prepared by the graft polymerization of 
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vinyl chloride monomer on to the base polymer of, a suitable 
organopolysiloxane, the free radical polymerization is per- 
formed in the presence of the organopolysiloxane. In. this 
case, the organopolysiloxane may not have an ethylenically 
unsaturated polymerizable group or the organopolysiloxane, 
per se can be an unpolymerizable one. 

It should be noted that the. graft copolymerization of 
vinyl chloride monomer on to the organopolysiloxane can take 
place even when the organopolysiloxane has one or. more of 
the polymerizable organic groups exemplified by the organo- 
silicon compounds (S-1) to (S.48). In this case, copolymeri- 
zation of vinyl chloride monomer and the, polymerizable orga- 
nopolysiloxane and the graft copolymerization naturally take 
place concurrently so that no clear demarcation can be given 
between these two types of the combination of th.e.yinyl 
chloride and organosilicon moieties. When the polymerizable 
organopolysiloxane has a relatively large molecular. chain 
length having the polymerizable groups as the pendant 
groups, in particular, the copolymerization itself is a type 
of graft polymerization. 

When the composite polymeric material of the invention 
is a graft polymer on a base polymer other than..,poly v inyl 
chloride and organopolysiloxane, such a graft, polymer is ob- 
tained by the simultaneous or successive two graft polymeri- 
zations of vinyl chloride monomer and a polymerizable 
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organosilicon compound on to a base polymer which consti- 
tutes the third polymereic moiety in the resultant graft 
copolymer. The procedure for the graft polymerization is 
similar to the graft polymerization on to a polyvinyl chlo- 
ride as the base polymer. 

The polymer blend according to the combination of the 
polymeric moieties (5) or (6) described above can be prepar- 
ed by any known method using a roller mill, kneader, extrud- 
er and the like blending machine. 

It is of course optional that the composite polymeric 
material of the invention is further admixed according to 
need with conventional additives including, for example, 
liquid plasticizers, stabilizers, antioxidants, fillers, lu- 
bricants, coloring agents and the like each in an adequate 
amount not to -have an adverse effect on the desired proper- 
ties of the composite polymeric material. 

In the following, the composite polymeric materials of 
the invention as well as the method for the preparation 
thereof are described in detail by way of examples. 

Example 1. 

Into a stainless steel-made polymerization reactor of 
50 liters capacity were introduced 30 kg of purified water, 
12 kg of vinyl chloride monomer, 20 g of a partially 
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saponified polyvinyl alcohol, 7.5 g of di-2-ethylhexylperoxy 
dicarbonate and 3 kg of a polymerizable organosilicon com- 
pound (S-1) to form a polymerization mixture and the suspen- 
sion copolymerization of vinyl chloride and the organosili- 
con compound was performed by heating the mixture under agi- 
tation at 52 °C for 20 hours. After completion of the poly- 
merization, the polymerizate slurry was discharged out of 
the polymerization reactor and dehydrated and dried to give 
a vinyl chloride-based copolymer. 

The result of the analysis of this copolymer for the 
content of chlorine indicated that the content of the orga- 
nosilicon compound (S-1) therein was 21.0 % by weight. The 
extraction of this copolymer with methyl alcohol in a Soxh- 
let extractor gave 0.3*1 % by weight of an oily matter which 
was identified presumably to be the unreacted organosilicon 
compound or an oligomer thereof by the infrared absorption 
spectroscopy showing absence of polyvinyl chloride. Further 
extraction of the copolymer with n-hexane in the Soxhlet ex- 
tractor after the above mentioned extraction with methyl al- 
cohol gave a polymeric extracted material in an amount cor- 
responding to 3.1 % by weight based on the initial weight of 
the copolymer. This material was presumably a homopolymer of 
the organosilicon compound. 

The average degree of polymerization of this copolymer- 
ic resin was determined assuming applicability of the method 
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specified in JIS K 6271 to give a result of about 1320. The 
oxygen permeability P of this copolymeric resin was 1200 
ml.mm/m .atm.2U hours as determined by the method described 
below while the value of P of a commercial product of a pol- 
yvinyl chloride resin having an average degree of polymeri- 
zation of about 1300 was H 30 in the same unit by the same 
testing procedure. 

Determination of permeability to oxygen: a resin com- 
pound was prepared by milling a mixture composed of 100 
parts by weight of the resin under testing, 50 parts by 
weight of di-2-ethylhexyl phthalate, 1.5 parts by weight of 
dioctyltin mercaptide, 1.0 part by weight of calcium stea- 
rate and 0.3 part by weight of a polyethylene wax for 10 
minutes in a 6-inch roller mill heated at 160 °C and the 
resin compound was compression-molded at 170 °C into a sheet 
of 0.5 mm thickness, of which the permeability to oxygen was 
determined by use of a full-automatic gas permeability test- 
er. 

Example 2. 

A copolymer of vinyl chloride and a polymerizable orga- 
nosilicon compound was prepared in substantially the same 
manner as in Example 1 excepting the replacement of the or- 
ganosilicon compound (S-1) with (S-8). The analytical re- 
sults of this copolymer were as follows: content of the 
organosilicon compound 20.5 % by weight; methyl alcohol- 
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extractable matter 0.15 J by weight; n-hexane-extractable 
matter 1.5 % by weight; and average degree of polymerization 
1460. The oxygen permeability of this copolymer determined 
by the procedure given below was 60 ml- mm/m 2 • ata- 24 hours 
while the value of a commercial product of a polyvinyl chlo- 
ride resin having an average degree of polymerization of 
about 1300 was 5.0 in the same unit by the same testing pro- 
cedure. 

Determination of oxygen permeability: a resin compound 
was prepared by. uniformly milling a mixture composed of 100 
parts by weight of the resin under testing, 1.0 part by 
weight of dioctyltin mercaptide, 0.5 part by weight of cal- 
cium stearate and 0.3 part by weight of a polyethylene wax 
for 10 minutes in a 6-inch roller mill heated at 160 °C and 
the resin compound was compression-molded at 170 oc into a 
sheet of 0.5 mm thickness, of which the permeability to oxy- 
gen was determined by use of a full-automatic gas permeabi- 
lity tester. 

Example 3. 

A copolymer was prepared in substantially the same man- 
ner as in Example 1 in a stainless steel-made polymerization 
reactor of 50 liters capacity by the suspension polymeriza- 
tion with a mixture composed of 30 kg of pure water, 12 kg 
of vinyl chloride monomer, 1.5 kg of methyl methacrylate, 
1.5 kg of a polymerizable organosilicon compound (S-46), 20 
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g of a partially saponified polyvinyl alcohol and 7.5 g of 
di-2-ethylhexylperoxy dicarbonate. 

The results with this, copolymer in the analysis and de- 
temination of the permeability to oxygen by the same proce- 
dure as in Example 2 were as follows; total content of meth- 
yl methacrylate and the organosilicon compound: 20.5 by 
weight; methyl alcohol-extractable matter 0.17 % by, weight; 
n-hexane-extractable matter 0.55 % by weight; and permeabi- 
lity to oxygen 53 ml*mm/m 2 • atm- 2k, hours... ■• - 

Examples k to -25.. • 

Into a stainless steel-made polymerization reactor of 2 
liters capacity were introduced 100C g of pure water, 0.7 g 
of a. partially saponified polyvinyl alcohol, 0.25 g of.di-2- 
ethylhexylpero*y dicarbonate and 500 g of a combination of 
monomers composed of vinyl chloride monomer, one or- two of 
the polymerizable organosilicon compounds and, optionally, a 
third monomer other than vinyl chloride and polymerizable 
organosilicon compounds shown in Table 1 below in a propor- 
tion also given in the table. The polymerization of the mo- 
nomers was performed in the same manner as Example 1 and the 
permeability of the thus obtained copolymer to oxygen was 
examined in the same manner as- in Example 2 to give the 
. results shown in. Table 1. 
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T able 1 



Exam- 
ple . 


Monomers copolymerized with vinyl 
chloride (% by weight*) 


Permeability 
to oxygen, 
r 4 lTjr./rr.2.atr:. 
ZLr hours 


No. : 

i 


- > olYnieri2ab" i e orrano— 
silicon compound 


Third monomer 


if 


S-21+ (5); S-l (10) 


- 


350 . 

✓ ^ w 


5 


S-26 (20) • 


- 


530 


6 


S-l (10); S-30 (5) 


- 


920 


7 


S-l (10); S-25 (5) 


— 


1 

iso ! 


8 


S-30 (10) 




. 760 | 


9 


S-31 (10) 




520 


10 


S-lif (20) 




630 


11. 








12 


S-8 (10) 


Butyl methacryi- 
ate (10) 


30 


13 


S-38 (10) 




35 


IV 


S-39 (10) 




ifO 


15 


5-9 (10) 




120 


16 


S-k2 (10) 


Dibutyl fumarate 
(10) 


105 


1? 


S-if6 (10) 




130 


18 


S-ll (10) 


Diethyl maleate 


460 


19 


S-^8 (10) 


Butyl methacryl- 
ate (10) 


80 


20 


s-l (5); s-31 (15) 




11*00 


21 


s-l (5); s-30 (15) 




1200 


22 


S-30 (10) 


Butyl methacryl- 
ate (10) 


650 


23 


s-l (5); s-30 (10) 


Butyl methacryl- 
ate (5) 


700 


24 


S-31 (20) 


Dibutyl fumarate 
(">) 


! 1250 


25 


S-l (20) 


Diethyl maleate 
(20) 


530 



*) The balance is vinyl chloride monomer. 
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Example 26. 

Into a stainless steel-made polymerization reactor ot 
50 liters capacity were introduced 30 kg of pure water, 
12.75 kg of vinyl chloride monomer, 2.14 kg and 0.11 kg of 
the polymerizable organosilicon compounds (S-1 ) and (S-2), 
respectively, 20 g of a partially saponified polyvinyl alco- 
hol and 7.5 g of di-2-ethylhexylperoxy dicarbo.nate and the 
polymerization mixture was heated under agitation up to 52 
°C where the copolymerization cf the monomers was performed 
for 20 hours. The polymerizate discharged cut cf the reactor 
after completion of the polymerization was dehydrated and 
dried to give a vinyl chloride-based copeiymeric resin. 



The content of the vinyl chloride units in this copol- 
15 ymeric resin was 81.2 % by weight as calculated from the 

analytical result for the chlorine content. The average de- 
gree of polymerization thereof was 1320 assuming the appli- 
cability of the method specified in JIS K 6271. Further, the 
permeability of this resin to oxygen was determined accord- 
ing to the procedure given below to give a result of 560 
ral.mm/m 2 .atm.24 hours. The corresponding value of a commer- 
cially available polyvinyl chloride resin having an average 
degree of polymerization of 1300 was only 5.1 in the same 
unit. 



20 



25 



Determination of oxygen permeability: 100 parts by 
weight of the resin under testing were blended and milled 
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with 10 parts by weight of an epoxidated soybean oil in a 6- 
inch roller mill at 160 <>C for 10 minutes and the resin com- 
pound was compression-molded at 170 <>C into a sheet of 0.5 
mm thickness of which the permeability to oxygen was mea- 
sured by use of a full-automatic gas permeability tester. 

Example 27. 

The procedure of the polymerization was substantially 
the same as. in the preceding example excepting the formula- 
tion of the polymerization mixture which was composed of 30 
kg of pure water, 10.5 kg of vinyl chloride monomer, 1.5 kg 
of 2-ethylhexyl acry.late, 2.85 kg and 0.15 kg of the polym- 
erizable organosilicon compounds (S-1) and (S-5), respec- 
tively, 20 g of a partially saponified polyvinyl alcohol and 
7.5 g of di-2-ethylhexylperoxy dicarbonate. 

The copolymeric resin product was examined in the same 
manner as in the preceding example to give the results that 
the content of the vinyl chloride units and the average de- 
gree of polymerization of the copolymer were 69.0 % by 
weight and about 1030, respectively, and the permeability of 
th resin sheet, which was roll-milled at 120 °C and compres- 
sion-molded at 150 °C, to oxygen was 880 in the same unit as 
in the preceding example. . - 

Example 28. 

The procedure of the polymerization was substantially 
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the same as in the preceding example excepting the formula- 
tion of the polymerization mixture which was booiposed of 30 
kg of pure water, 13.5 kg of vinyl chloride monomer, 1.5 kg, 
15 g and 15 g of the polymerizable organosilicon compounds 
5 (S-1), (S-3) and (S-4), respectively, 1.-5 g of diallyl male- 
ate, 20 g of a partially saponified polyvinyl alcohol and 
7.5 g of di-2-ethylhexylperoxy dicarbonate. 

The thus prepared coplymeric resin was -examined in the 
10 same manner as in the preceding example to give the results 
that the content of the vinyl chloride units and the average 
degree of polymerization were 88.3 % by weight and about 
1420, respectively, and the permeability to oxygen of the 
resin sheet prepared in the same manner as in Example 26 was 
15 410 in the same unit as in the preceding . example. 

Examples 29 to 40. 

A polyvinyl chloride-based resin blend was prpared by 
uniformly milling in a roller mill 4.5 or 4.0 parts by 

20 weight of a polyvinyl chloride resin having an average de- 
gree of about 1300, 0.5 or 1.0 part by weight of one of the 
polymerizable or unpolymerizable organosilicon compounds in- 
dicated in Table 2 below, the total amount of these two 
classes of the components being 5 parts by weight, and 2.0 

25 parts by weight of a copolymer of ethylene and vinyl acetate 
containing about 35 % by weight of the vinyl acetate units. 
The permeability of these resin sheets to oxygen were as 
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shown in Table 2 as determined in the same manner as in Ex- 
ample 26, Table 2 also includes the comparative data ob- 
tained with a resin sheet prepared from 5*0 parts by weight 
of the same polyvinyl chloride resin and 2.0 parts by weight 
of the same ethylene-vinyl acetate copolymer. 

Table 2 



Example 
No. 


Polyvinyl chlo- 
ride, parts by 
weight 


Caganosilicon 
compound ( carts 
by weight) 


Permeability to 
oxygen, ml«E&/ 
m2.atm*24 hours 


29 




S-16 (0.5) 


320 


30 


4.0 


S-1 (1.0) 


156 


31 


. 4.5 


S-4 (0.5) 


300 


32 


if.O 


s-5 (1.0) 


100 


33 


4.0 


S-17 (1.0) 


160 " 


34 


if.O 


s-5l (l.o) 


140 • : 


35 


4.0 


S-52 (1.0) 


120 


36 


4.0 


S-53 (1.0) 


180 


37 


if.O 


S-54 (1.0) 


200 


38 


4.0 


s-55 (1.0) 


120 


39 


4.0 


S-56 (1.0) 


65 


40 


4.0 


S-57 (1.0) 


95 




5.0 


mm 


20 
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Examples 41 to 46. 

Into a four-necked flask of 2 liters capacity were in- 
troduced 500 g of n-hexane, 2.0 g of benzoyl peroxide, two 
or three kinds of the polymerizable or unpolymerizable orga- 
nosilicon compounds indicated in Table 3 below and one or 
two kinds of ethylenically unsaturated monomers other than 
vinyl chloride and the polymerizable organosilicon compounds 
also indicated in Table 3 and copolymerization of the mono- 
mers was performed for 5 hours under refluxing. The result- 
ant polymer solution was poured into a large excess of meth- 
yl alcohol to precipitate the copolymer, which was, after 
drying, blended with the same polyvinyl chloride resin as 
used in Example 29 in a weight ratio of 20:80 or 40:60. 

Each of the resin blends was examined for the permeabi- 
lity to oxygen in the same manner as in Example 26 to give 
the results shown in Table 3. 

Examples 47 to 50. 

Into a four-necked flask of 2 liters capacity were in- 
troduced 350 g of a commercial product of polyvinyl chloride 
resin having an average degree of polymerization of 1300, 
100 g and 1.5 g of the polymerizable organosilicon compounds 
(S-1) and (S-2), respectively, 50 g of 2-ethylhexyl methac- 
rylate and 1.0 g of benzoyl peroxide and the mixture was 
heated and agitated at 100 °C for 3 hours to effect graft 
polymerization of the monomers on to the polyvinyl chloride 
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A. Cl O X C 


3 




£x am- 
ple . 
No. 


Organ o sili- 
con com- 1 
pound s 


Third monomers 
(taken, g) 


Oxygen permeability , 
.ml»cr./E 2 «atffi«24 hours, 
copolymer/FVC ratio 




(taken, g) 




20:80 


40:60 


41 


S-1 (250) 
S-2 (2.5) 


Methyl neth- 
acrylate (250) 


60 


250 


42 


S-1 (200) 
S-7. (50) 


Methyl meth- 
acrylate (250) 


60 


2*f0 


43 


S-1 (250) 
S-6 (1) 


Vinyl, acetate 
(250) 


ICO 


• 350 


44 


S-8 (200) 
S-12 (50) 


2-Ethylhexyl 
acrylate (50) 

Methyl meth-. 
acrylate (200) 


125 


500 


4p 


S-16 (200) 
S-9 (25) 
s-ll (25). 


Vinyl acetate 
(200) 

Butyl vinyl 
ether (50) 


150 


■ 600 




S-1 (200) 
,S-10 (50) , 
S-23 (0.5) 


Methyl meth- . 
acrylate (2p0) 


130 


. 550 



resin (Example 47). Extraction of the thus obtained graft- 
polymerized resin With n-hexane gave 1.5 $ by weight of an 
extractable matter which was presumably the unpolymerized 
organosilicoh compound (S-1). The graft-polymerized resin 
was compounded with an epoxidated soybean oil and shaped 
into a sheet in the same manner as in Example 26 to give a 
milky white sheet. 
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The same experimental procedure as above was repeated 
except that the organosilicon compounds (S-l ) and (S-2) were 
replaced with 100 g of the organosilicon compound (S-15) 
(Example 48), with 40 g and 10 g of. the ^ 

pounds (S-18) and (S -20), respectively (Eicampie or with 

100 g and 2 g of the organosilicon cbmpouW 
6), respectively (Example 50). 

Each of the thus obtained graft-polymerized resins was 
subjected to the measurement of the perrceability to oxygen 
in the same manner as in Example 26 to give the results of 
2100, 350, 420 and 1850 ml.mm/m 2 • atm-24 hours for the sheets 
obtained in Examples 47, 48, 49 and 50, respectively, 

Examples 51 to 57. 

Into a stainless steel-made polymerization reactor of 2 
liters capacity were introduced 1000 g of pure water, 0.7 g 
of a partially saponified polyvinyl alcohol,: 0.25. g of di-2- 
ethylhexylperoxy dicarbonate and several ingredients per- 
taining to the polymerization in a total ampuftt pf 500 g 
including vinyl chloride monomer, one or two pf. the organo- 
silicon compounds and one or two of the raonoraeric or polym- 
eric components providing the third moiety in the resultant 
copolymer other than the vinyl chloride and organosilicon 
moieties. The relative amount of these ingredients are given 
in Table 4 in $ by weight, the balance being vinyl chloride 
monomer. 
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Each of the thus prepared copolymers was shaped into 

ft 

sheet and subjected to the measurement of the permeability 
to oxygen in the same manner as in Example 26 to give the 
results shown in Table 4.. 

Table 4 



■ole 
No. 


Organosilicon 

compound 

{% by weight) 


Third component 


Permeability tc 
oxygen, al^sa/ 
rr.^vatrr;*2n- hours 


51 


S-1 (15) 
S-2 (0.3) 


Ethylene-vinyl ace- 
tate copolymer* (25) 

Diallyl maleate 

(0.075) 


120 


52 


S-18 (2) 


2-Ethylhexyl acryl- 
ate (18) 


2if0 


53 


S-21 (2) 


Butyl aery late (23) 


160 


5*f 


S-22 (5) 


2-Ethylhexyl - acryi- 
ate (10) 


75 




(10) 


Vinyl acetate (15) 


SO 


56 


S-50 (5) 


2-Ethylhexyl acryl- 
ate (20) 


.210 


57 


The copolymer prepared in Example 
k2 " (¥» 


. 200 



*) Content of ethylene kO % by weight 



0131911 



WHAT IS CLAIMED IS: 

1. A vinyl chloride-based composite polymeric material 
having a high permeability to oxygen which comprises: 

(a) from 50 to 99 parts by weight of a vinyl chloride moie- 
ty; and 

(b) from 1 to 50 parts by weight of an organosilicon moiety. 

2. The vinyl chloride-based composite polymeric material 
as claimed in claim 1 which further comprises (c) a third 
polymeric moiety other than the vinyl chloride moiety and 
the organosilicon moiety in an amount of 100 % by weight of 
the total amount of the moieties (a) and (b) or smaller. 

3. A method for the preparation of a vinyl chloride-based 
composite polymeric material having a high permeability to 
oxygen and comprising from 50 to 99 parts by weight of a vi- 
nyl chloride moiety and from 1 to 50 parts by weight of an 
organosilicon moiety which comprises copolymerizing vinyl 
chloride monomer and an organosilicon compound having at 
least one ethylenically unsaturated polymerizable group 
bonded to the silicon atom in a molecule. 

4. A method for the preparation of a vinyl chloride-based 
composite polymeric material having a high permeability to 
oxygen and comprising from 50 to 99 parts by weight of a vi- 
nyl chloride moiety and from 1 to 50 parts by weight of an 
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organosilicon moiety which comprises graft-polymerizing an 
organosilicon compound having at least one ethylenically un- 
saturated polymerizable group bonded to the silicon atom in 
a molecule on to a polyvinyl chloride resin. 

5 :> . 

5. A method for the preparation of a vinyl chloride-based 
composite, polymeric material having a high permeability to 
oxygen and comprising from 50 to 99 parts by weight of a 
vinyl chloride moiety and from 1 to 50 parts by weight of an 

10 organosilicon moiety which comprises, graft-polymerizing 
vinyl chloride monomer on. to an organopolysiloxane. 

6. A method for the. preparation of a vinyl chloride-based 
composite polymeric material having a ; high permeability to 

15 oxygen and comprising from 50 to 99 parts by weight of a 

vinyl chloride moiety and from 1 to 50 parts by weight of an 
organosilicon moiety which comprises, blending a polyvinyl 
chloride resin and an organopolysiloxane. 

20 7. A method for the preparation of a vinyl chloride-based 
composite polymeric material having a high permeability to 
oxygen as claimed in claim 2 which comprises copolymerizing 
vinyl chloride monomer, an organosilicon compound having at 
least one ethylenically unsaturated polymerizable group 

25 bonded to the silicon atom in a molecule and a third ethyl- 
enically unsaturated polymerizable monomer other than vinyl 
chloride monomer and organosilicon compounds. 
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8. A method for the preparation of the vinyl chloride- 
based composite polymeric material as claimed in claim 2 
which comprises graf t-copolymerizing an organosilion com- 
pound having at least one ethylenically unsaturated polymer- 
izable group bonded to the silicon atom in a molecule and a 
third ethylenically unsaturated polymerizable monomer other 
than vinyl chloride monomoer and organosilicon compounds on 
to a polyvinyl chloride resin simultaneously or successive- 
ly. 



9. A method for the preparation of the vinyl chloride- 
based composite polymeric material as claimed in claim 2 
which comprises graf t-copolymerizing vinyl chloride monomer 
and an organosilicon compound having at least one ethylenic- 
ally unsaturated polymerizable group bonded to the silicon 
atom in a molecule simultaneously or successively 1 on to a 
third polymer other than polyvinyl chloride resins and orga- 
nosilicon compounds. 

10. A method for the preparation of the vinyl chloride- 
based composite polymeric material as claimed in claim 2 
which comprises graf t-copolymerizing vinyl chloride monomer 
and a third ethylenically unsaturated polymerizable monomer 
other than vinyl chloride resins and organosilicon compounds 
simultaneously or successively on to an brganopolysiloxane. 

11. A method for the preparation of the vinyl chloride- 
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based composite polymeric material as claimed in claim 2 
which comprises blending a polyvinyl chloride resin, an or- 
ganopolysiloxane and a third polymer other than polyvinyl 
chloride resins and organosilicon compounds. 

5 

12. A method for the preparation of the vinyl chloride- 
based composite polymeric material as claimed in claim 2 
which comprises blending a polyvinyl chloride resin with a 
composite polymeric material comprising an organosilicon 
10 moiety and a third polymeric moiety other than organosilicon 
moiety and vinyl chloride moiety. 
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